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The effects of denowering and defruiting on the growth and senescence of the annual weed Bidens pi/osa which is 
used in traditional medicine to treat malaria were investigated . Deflowered plants were generally taller, had a greater 
shoot weight and higher ch lorophyll concentratIon than those that were only defruited . Fruit and flower heads were 
responsible for the reduction in leaf and stem growth after fl owering. Deflowering is essentia l if the leaves are to be 
harvested commercially because it reta rded senescence and maintained growth . 
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Introduction 
The process of deterioration (hat accompanies ageing and that 
leads to the death of an o rgan or organism is called senescence. 
Senescence represents endogenously controlled degenerative 
processes (Nooden, Guiamet & John 1997) but is also influenced 
by environmental factors. Monocarpic senescence is character-
ised by a single reproductive phase, followed by senescence and 
death, and it has been postulated that a senescence signal is 
released by the flowers or fruit. It is common for many flowering 
annuals. While much research has been initiated, (he process is 
not well understood in 1110St plants, except perhaps for soybeans 
(Nood':n t 988). A lthough not universall y accepted as the best 
method to measure senescence, ch lorophyll degradati on is often 
used to follow changes in leaf age ing (Schwartz, Pichersky & 
Noodon 199 1). 
Black jack (Bidens pi/osa) is a common monocarpic weed. Its 
leaves are used in traditiona l medicine to treat malaria and it has 
ant i-inflamatory activity (Geissberger & Sequin 199 1) . The 
leaves are also used as treatment for rheumat ism, sore eyes, 
abdomina l troubles, ulcers, swollen glands and toothaches 
(Zulueta, Tada & Ragasa 1995). Because the leaves are the eco-
nomically important organs, understanding of their chlorophyll 
loss is essential in determining the correct time for harvesting 
them. Thus chlorophyll was chosen as a measure of senescence 
in this study. 
Defrui ti ng experiments in some annuals including pea (Pisum 
satil'lIm) , red kidney bean (Phaseoills vlligaris), soybean (Gly-
ciue max) and sunflower (Helialil/11Is anl1lllts) showed a delay in 
leaf ye llowing. We exam ined senescence in the economic weed 
IJidens pi/osa, with the objectives to determine the effects of 
defi owcring and defru it ing on growth and chlorophyll content, 
and to identify the stage o f development of the head at which the 
flowers , seeds/fruit produce senescence signals. 
Materials and Methods 
Plant material 
Seeds of Bidens pi/osa L. were placed in trays for germination in a 
nursery. When the seedlings were one month old with t\\.:o pairs of 
leaves. they \vere planted in the lield. The experiment \vas carried 
out at Kwad langezwa (28°5 1 'S. 3 1 °51 'E) where the cJimatt: is sub-
tropical. Tht: seedlings were planted in loam soi l. Compost (10 g per 
plant) and 4 grams N:P:K fert iliser ( 2:3:2 + 0.5% Zn ) were applied 
in the vicin ity of each plant. The plants were placed 65 cm apart with 
rows 72 em apart , and watered regularly. When no we ring wm-
menced at 44 days after transplan ting, the plants were divided into 
three blocks: left to flower (con trols); deflowered as ray florets 
emerged, leaving the peduncle: or fruit removed from hends wi th 
wilted ray florets. 
Atkr 30, 60 and 90 days, tive plants were harvested from each 
treatment, and divided into roots. stems and leaves. Heads with fruits 
were excluded from the stems. During the final harvest, live and 
dead stems were separated in order to determine the degree of stem 
necrosis. In the control, the heads were sorted into: immature frui t 
(d iameter of receptacle 4 mm, fru it 5 mm long); mature green fru it 
(diameter of receptacle 5 mm, fruit 9 mm long), and matu re dry frui t. 
Samples were dried in an oven at 70°C. 
Dead leaves \".,ere separated from live ones in order to determine 
tota l fresh weight. Two discs (I C111 2) were removed from the term i-
nalleane ts from 5 plants per [reaunent, giving ten samples per treat-
menl. Each sample was weighed accurately to obtain J g fresh 
weight. Five of these were used for chlorophyll extraction. and the 
other 5 were used to calcu late dry weight in the chlorophyll determi-
nations. The mobili ty of the senescence signal was determ ined by 
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Figure 1 Effect of deflowering and defruiting on plant height of 
Bidens pilosa plants. Data are means of five plants per treatment 
with bars indicating standard errors . Control r:::l, deflowered .' 
defruited rn 
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Figure 2 Effect of deflowering and defrui ting on dry weight of 
Bidens pilosa plants. Data are means of five plants per treatment 
with bars indicating standard errors. Control ~, deflowered .' 
defruited l!:!l, 
analysi ng lulal chlorophy ll content in the first and second pair of 
leaves from the top of the plant at day 30 and 60. This was done in 
0.1 g fresh \veigh! of the control and detlowered plants. Leaf sam-
ples were homogen ised in a mortar and pestk and extracted o\'er-
nigh! in 20 ml (for I g sampk) or 10 tnl (for n. 1 g sample) 
N,N-dimethy lformamide. The resultant homogenate was filtered 
through Whatman No. I filter paper. 
Tht! absorbance o f the al iqu()(s o f the ext racts was then measured 
in a Beckman DU·64 spectrophotometer at 647 nm tmaximum for 
chi b) and 664 nm (maximum lor chi a) using a 10 mm cuvette. 
Absolute chlorophyll concentrations (chi a and chi b) expressed in 
mg. were ca lculated according to Inskeep and Bloom (1985 ). The 
data an~ presented as means with standard crrors. 
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Figure 3 Growth of the flower heads and fruits in control plants 
of Bidem pilosa. Data are means of five plants per treatment with 
bars indicating standard errors. Heads with young fruits ~. heads 
with mature green fruits •• heads with mature dry fruits~ . 
Results and Discussion 
Deflowered plants were taller than the controls and those that 
were defruited (Figure I). however, there were mixed effects on 
plant dry weight. According to Lindoo and Nooden ( 1976), 
deflowered soybean plants were ta ller than the controls. Defl ow-
ered Bidens pilosa plants had a greater leaf weight at 90 days, 
and greater stem and root weight after 60 and 90 days compared 
with control plants (Figure 2). Other workers reported a higher 
stem and leaf dry weight in deflowered sunflower plants (Ho & 
Below 1989). Defruited plants also had a greater stem weight for 
the last two harvests. In contrast , there was no effect of defruiting 
on root weight (Figure 2). In comparing the two pruning treat· 
ments, the deflowered plants were genera ll y taller and had a 
greater shoot weight than those that were only defruited. The 
high stem and leaf dry weight in deflowered plants is consistent 
wi th the reports in other species. Vegetative growth slows once 
plants flower and fruit and cannot be restored (Q preflowering 
rates (Nooden 1988). Because Bidel1s pilosa fl owers for about 
three months, leaf and stem growth were curtailed for at least 
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Figure 4 Effect of deflowering and defruiting on chlorophyll 
content of Bidens pilosa plants. Data are means of five plants per 
treatment with bars indicating standard errors. Control ~, deflow-
ered .> defruited l!:!l, 
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Figure 5 Effect of deflowering and position of the leaf on chloro-
phyll content in Bidens pi/osa plants. Data are means of five plants 
per treatment with bars indicating standard errors. Control plant, 
leaf I ~, control plant, leaf2., deflowered plant, leaf 1 ~, deflow-
ered plant leaf2 [j. 
two months. The terminal flowering stimulated axillary shoot 
production so that stem weight increased between 30 to 60 days 
after treatment (Figure 2). 
Total chlorophyll content in the controls, in association with 
the development of fruit, was lower at 90 days compared with 
earlier harvests (Figures 3 and 4). There was also an effect of 
treatment, with the deflowered having higher chlorophyll con-
centrations than the other two treatments after 90 days (Figure 
4). Deflowered Triticum aeslh!1fm plants had a higher leaf fresh 
weight and chlorophyll content than the controls (Feller 1979). A 
rapid loss of chlorophyll with fruit maturation has been reported 
in other species (Okatan, Kahanak & Nooden 1981). 
Data was also collected on the chlorophyll content of leaves I 
and 2 from the controls and deflowered plants (Figure 5). Leaf 
chlorophyll decreased from day 30 to 60 in the controls, but 
remained stable or increased slightly in the deflowered plants . 
This gave rise to higher chlorophyll levels in the deflowered 
plants compared with controls in the second harvest. In Tageles 
patu/a and CllIysanfhenlllm coronarillln, the first leaf always 
senesced earlier than the third leaf. Removal of reproductive 
organs retarded senescence in the first leaf (Gosh & Biswas 
1994). The loss of chlorophyll seems to be related to the pres-
ence of fruit, although there is also an impact of the stalk .. After 
90 days, 86 ± 7% of stems were dead in the controls, compared 
with 35 ± 4% after defruiting and 9 ± 2% after defl.owering. 
These results suggest that the fruit , and to a lesser degree the 
flower heads, contribute to mortality of the stems. 
The present results suggest that deflowering is essential if the 
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leaves are to be harvested commercially because it retards senes-
cence and maintains growth. Fruit and flower heads were respon-
sible for the reduction in leaf and stem growth after flowering in 
Bidens pi/usa. Removing these organs slowed plant decline, sug-
gesting that the flower head and especially the fruit are responsi-
ble for senescence. In contrast, the fruit were the main tissue 
responsible for the decline in leaf chlorophyll concentration. The 
results suggest that leaf chlorophyll content may no t always be a 
good indicator of senescence in plants. 
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